Mining and related activities caused plant productivity and soil carbon content reduced in arid and semi-arid ecosystems. Soil carbon plays an essential role in ecosystem stability. Soil carbon and associated changes in soil property were important drivers and indicators of ecosystem recovery at post-mining areas. We selected 5, 10 and 20 years of restoration lands to examine the effect of artificial grassland on vegetation community and soil property. Results showed that artificial grassland markedly increased the biomass, canopy coverage and soil carbon content, but decreased soil bulk density and soil water content. After 10-year of restoration, both the biomass and soil organic carbon (SOC) content reached the peak, however, soil bulk density and soil water content arrived the lowest at depth of 0-20 cm and got the highest at depth of 20-30 cm. At 20-year of restoration land, the biomass (above-and belowground) and SOC content (0-30 cm) significantly decreased by 46.2 % and 67.0 % with compared to 10-year of restoration land, while soil bulk density of 0-10 cm and 10-20 cm depths increased by 7.8 % and 21.4 %, respectively, soil water content (0-30 cm) increased by 11.6 % . It was evident that artificial grassland as an effective ecological restoration approach could improve soil physicchemical property, while properly anthropogenic perturbations were also needed to stimulate plant growth.
Introduction
Mining and related activities have drastically altered earth's ecosystems, which caused drastic perturbation on terrestrial ecosystems and led to severe soil degradation (Akala and Lal, 2000) . Many studies had documented that soil disturbance through mining operations have changed soil properties, such as lower soil organic matter content, destroyed soil structure, increased bulk density, lower soil fertility and reduced microbial activity (Ussiri et al., 2006; Shukla et al., 2011) . The original vegetation was inevitably destroyed and soil was lost or buried by waste in the process of removing coal. All of those limited the growth of vegetation and resulted in the decrease of plant litter. With plant litter input reduced, a severe loss of SOC occurred. SOC is a very important soil component and it is essential for protecting and maintaining soil structure and quality (Li et al., 2013) . SOC decreased could accelerated soil erosion and topsoil removal (Ussiri et al., 2006) . A general Mining Act had been passed as early as 1854 to specify the rules for mining in relation to the land. Reclamation of mine spoils sought to return the disturbed soil ecosystem to a productive state (Barnhisel and Hower, 1997) . This involves the restoration of mine soils' fertility, improvement of soil quality, reestablishment of vegetation and enhancement of biomass productivity. The methods that brought to restoration of mine spoils must be done in a way that could surly maximize the long-term sustainability of the ecosystem (Shrestha and Lal, 2011) . Some studies had found that vegetation plays a major role in improving the physical, chemical and biological properties of mine soil (Bradshaw, 1987) . Enhanced biomass production could increase SOC concentration in reclaimed mine spoils Lal, 2000, 2001) . Ussiri et al. (2006) found that tree plantation establishment had great potential for SOC sequestration in reclaimed mine soil. Artificial grassland establishment also significantly improved SOC in the topsoil (Wu et al., 2010) . So reclamation of drastically disturbed mine soil and subsequent planting trees or grass could rapidly build-up carbon in the soil (Nyamadzawo et al., 2008; Lv and Liang, 2012) .
Several studies about the impacts of reclamation and artificial grassland on evolution of soil properties over time had been reported (Nyamadzawo et al., 2008; Keskin and Makineci, 2009; Juwarkar et al., 2010; Wu et al., 2010) . Nyamadzawo et al. (2008) studied reclaimed minesoils characterized by distinct reclamation age chronosequences and found some relationships emerged between amount of time since reclamation and soil carbon stocks. Akala and Lal (2010) found that 6-year artificial grassland significantly increased soil carbon storage than 3-year artificial grassland. Zhao et al. (2013) reported that soil organic matter and available nitrogen showed a significantly increased in 0-40 cm depth with increasing of reclamation time.
In mining areas, land surface was mined for coal and subsequently reclaimed. Due to the development of mining, the main components under the soil layer were sandstone and siltstone which derived from the mine (Fu et al., 2010) . Soil structure was severely destroyed and soil erosion was serious. In order to restore local ecosystems, we considered to reclamation of mine soil by establishing artificial grassland.
Therefore, the primary objectives of our study were to evaluate changes in selected physical and chemical properties of restoration land, in order to strengthen Revegetation of artificial grassland improve soil organic and inorganic carbon the database on plant community characteristics and soil properties in response to distinct years of planting grass and provide an appropriate botanical reclamation method for the surface of coal mines in the study area. (Zhang, 2012) . The climate is cold and dry in the winter and spring, rainy and hot in the summer.
Materials and Methods

Study sites
In this study, we selected three lands with different The restoration years of all sites were detailed record.
The method and mode of mining and reclamation were identical and standardized for all the sites. In the process of mining and reclamation, vegetation was cleared and the topsoil was removed. The overburden on top of the coal seam was then excavated and placed in areas that have already been mined. All sites were close, differences in soil conditions, vegetation types and other hydrocli-matological factors were minimized. This allows for a direct comparison.
Experimental design
In this study, we compared three restoration lands with different number of years in restoration: 5-year, to create a single sample. A 2 mm sieve was used to isolate the majority of plant roots from each sample.
No attempt was made to distinguish from living and dead roots. The isolated roots were oven-dried at 75 °C then weighed.
Soil sampling and determination
Soil bulk density of each layer (0-10, 10-20, 20-30 cm) was measured by using a soil bulk sampler with (2005) . Between 1 and 10 g was scaled, depending on the reaction of the sample with 10 % HCl in a preliminary test (Truong et al., 2013) .
Data analysis
All data were expressed as mean ± standard error of mean. Statistical analyses were conducted by using SPSS software (ver.21.0). The differences in soil properties and values of vegetation community among sites were compared by using one-way analysis of variance (ANOVA) procedures. Significant differences were evaluated at 0.05 level.
Result
Response of plant community
In this study, restoration land markedly increased total plant coverage, height, above-and belowground biomass over time (Table 1 ; Figure 1 ). When restoration of 10 years, the biomass reached the peak both above-(148.36 ± 14.25g m -2 ) and belowground (504.19 ± 119.98g m -2 ), however they decreased by 53 % and 44 % until 20 years restoration, respectively (Table 1) .
For aboveground biomass, there was a significant difference between restoration of 10-year and restoration of 5-year and 20-year (p < 0.05), as well as the total coverage (Figure 1 ).
Response of soil properties
There was a significant effect of soil depth on soil properties among all restoration lands in this study Table 2 . Pearson correlation coefficients among restoration years, bulk density (BD), soil water content (SWC), cover, height, blow ground biomass (BGB), above ground biomass (AGB), soil organic (SOC) and inorganic carbon content (SIC) .
*indicates significant at p< 0.05 and **indicates significant at p< 0.01
Discussion
Establishment of artificial grassland was central for reclamation of soil in mine spoils in this study. 10-year of restoration land showed significant more above-and belowground biomass than 5-year and 20-year of restoration lands. It was consistent with the results of Chambers et al. (1994) , who found that reclaimed areas already had a higher amount of biomass after 14 years of development. For the later 10-year period, the habitat conditions were extreme (toxic, excessively dry or acidic soils) (Markéta Hendrychová, 2008 ) and led to the biomass significantly reduced.
In arid and semi-arid regions, water is a major factor in limiting the development of vegetation community.
Some studies also found that factors related to water shortage may affect vegetation dynamics in reclaimed areas under dry climates (Martinez-Ruiz et al., 2007) .
However there was some experimental evidences that properly anthropogenic disturbance could stimulate plant sustainably growthed and increased plant fitness. Yang et al. (2012) found that mowing increased species richness by improving canopy radiation and facilitating seedling recruitment and plant growth. Socher et al. (2013) also found that mowing at intermediate levels generally enhanced plant species richness. Additional under proper stocking densities, grazing promoted plant species richness and plant productivity (Liu et al., 2012; Socher et al., 2013) . In order to make full use of limited grassland resources, total porosity increased, and soil particle size distribution also changed after nine years of restoration.
These changes in structure increased infiltration of surface water into the mine soil, contributed to less runoff and increased water retention (Underwood and Smeck, 2002) , which was consistent with our point.
There were distinct temporal changes in soil bulk density, low soil bulk density were found in 10-year of restoration land at depth of 0-20 cm due to the significantly increase of the belowground biomass. et al. (2000) reported that the development of root system could augment the biomass, and litter anthropogenic perturbation after years of reclamation have improved soil structure, decreased soil bulk density and increased porosity. Zhao et al. (2013) studied the effects of different plant species and time after reclamation on soil properties development indicated that reclamation significantly decreased the bulk density of the mined soil/spoil. Akala and Lal (2000) also found reclamation of mined lands decreased bulk density over a period of years. Apart from soil bulk density was significantly negatively related to belowground biomass, we also found that it was negatively related to SOC content. Growth and development of and Frank, 2001; Kuzyakov et al., 2002) . These all contributed to improvement of the SOC in restoration land. While a slight decreased of SOC content was found in 20-year restoration land, the trend was consist with the changed of biomass. Because plant roots made significant contributions to soil carbon under grassland (McNally et al., 2015) . Lv and Liang (2012) also found that during forest restoration, SOC did not consistently increase linearly with restoration years.
Thompson
Conclusions
Above-and belowground biomass, coverage, soil carbon and water content were all increased after years of restoration. Higher SOC and water content and Revegetation of artificial grassland improve soil organic and inorganic carbon lower soil bulk density were attributed to the growth of vegetation. Therefore, it was apparent from this study that establishment of artificial grassland was an effective restoration approach for improving soil carbon and water storage in reclaimed coal mine spoils. This may be true of other coal mine spoils without a long history of restoration. With the recover time increased, the biomass had a downward trend after 10 years of restoration. In order to stimulate plant growth, properly anthropogenic perturbations were necessary.
